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Abstract

In this paper we provide a testable theory of geographic variations in health care
expenditure and utilization that reconciles the stylized facts on geographic variations.
Our model is rather straightforward yet provides insight into the underlying phenom-
ena of variations, its potential causes and the welfare and consequences of different
policy initiatives. We model imperfectly competitive, capacity constrained and per-
fectly altruistic providers as facing two different patient populations: privately insured
and Medicare. Providers face fixed prices for treating Medicare population while they
negotiate reimbursement rates for their privately insured patients. In our model, payers
have different technologies for monitoring provider behavior. Unlike the widely held
hypothesis that geographic differences are driven by differences in provider culture, our
model focuses on differences in provider incentives that lead to differences in the care
that is delivered. Specifically, in our framework, variation in health care utilization and
expenditures is generated by underlying geographic variation in the model’s primitives
of provider market structure and productivity. These differences, in turn, lead to dif-
ferent incentives for physicians to treat based on the type of insurance of the patient.
We then calibrate the model and run a series of counterfactual policy experiments.
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1 Introduction

It is widely held that the US health care system is inordinately inefficient. One central piece
of evidence of this inefficiency is the wide geographic variation in medical care utilization
and expenditures that is not well explained by variation in underlying population health.
Modern analysis of geographic variations in health care dates to Wennberg and Gittelsohn
(1973) and the Dartmouth Atlas of Health Care project has spent much of the last two decades

I Figure

analyzing Medicare claims data and documenting this variation and its correlates.
1 maps the Dartmouth Atlas data on the distribution of per-capita Medicare expenditures
by county for 2012. The highest expenditure counties spend well over twice the amount of
the lowest spending counties. In 2013, the Institutes of Medicine (IOM) (Newhouse et al.,
2013) issued an influential report documenting significant geographic variation in both the
Medicare and commercially insured populations. The IOM report reiterates that much of
this variation cannot be explained by demographics, observable health status and health
outcomes. Furthermore, as both the IOM and the Dartmouth Atlas document, there is
little correlation between health care spending and health care outcomes.? Clearly, given
the size of the US health care market (approximately 17% of GDP), geographic variations of
this magnitude likely have extremely large welfare implications. The nature of these welfare
effects critically depends on the underlying mechanisms that drive this variation.

Atul Gawande’s 2009 New Yorker article famously made geographic variation in health
care cocktail party worthy discussion. He took the Dartmouth Atlas findings and focused on
two neighboring cities with dramatically different average, per-capita Medicare expenditures.
McAllen, TX cost Medicare nearly twice as much per beneficiary as neighboring El Paso,

TX without any measurable differences in the quality of care. Building off of Dartmouth

Atlas themes, Gawande points to differences in physician cultures as driving the differences

'Dartmouth Atlas of Health Care can be found at http://www.dartmouthatlas.org.

2Using a different source of identifying variation, Doyle et al. (2012) find a positive link between hospital
level expenditures and patient outcomes. Our framework is flexible enough to account for either pattern
through the shape of the production function.



Figure 1: Age, Sex, Price Adjusted Per-Capita Medicare Spending by County
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cost in which physicians in McAllen being more profit driven than those in El Paso. The
policy impact of Gawande’s work is notable and played a role in inclusion of payment reform
initiatives in the Accountable Care Act.® In this paper, we offer an alternative explanation
to Gawande’s.

The Dartmouth Atlas work has inspired a large, complementary body of work examining
different dimensions of the geographic variations in health care.* One notable outcome from
this body of work, in combination with the Dartmouth Atlas efforts and the IOM study, is
the establishment of many stylized “facts” about the nature and pattern of geographic health

care variation.® These facts provide important clues into the underlying mechanisms and a

3In 2010, Gawande was awarded AcademyHealth’s Health Services Research Impact award. It is reported
that Gawande’s articles was required reading for White House staffers in the early years of the Obama
administration.

4The IOM report and Chandra and Skinner (2012) provide excellent reviews.

®Not all studies agree on these “facts.” Where there is disagreement, we use a “preponderance of the



set of predictions that a theory of geographic variations should match. In our view, the most

important and interesting stylized facts are:

1. Significant variation in Medicare and privately insured spending

2. Variation in Medicare spending is driven by variation in utilization while privately
insured spending variation is driven by variation in the price of care

3. Private provider prices are positively correlated with private spending and negatively
correlated with Medicare spending

4. Medicare and privately insured utilization is positively correlated across geographies

5. Medicare and privately insured spending is positively but weakly correlated across
geographies

6. Increases in Medicare payments cause privately insured reimbursements to rise.

7. Variations in Medicare and private utilization (and spending) do not translate into

important corresponding variations in outcomes.

These “facts” have inspired many policy makers and commentators to make broad welfare
pronouncements and policy recommendations generally focusing on the first stylized fact. For
example, Wennberg et al. (2002) “propose a new approach to Medicare reform”, and Fisher
et al. (2009) state that the Dartmouth findings imply that policy should be “fostering the
growth of more organized systems of care and implementing fundamental payment reform”
(p. 852). However, both the empirical and policy sides of this literature have embarked,
with some notable exceptions, without much rigorous, theoretical guidance as to the under-
lying causes and implications of this variation. As a consequence, the welfare and policy
implications, while often extolled, are, in our view, generally not well grounded.

In this paper we provide a testable theory of geographic variations in health care ex-
penditure and utilization that reconciles the stylized facts on geographic variations listed
above. Our model is rather straightforward yet provides insight into the underlying phe-
nomena of variations, its potential causes and the welfare consequences of different policy
initiatives. Building on McGuire and Pauly (1991), we model imperfectly competitive, capac-

ity constrained and altruistic providers as facing two different patient populations: privately

evidence” standard which combines the number of papers and the quality of the analysis/data.
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insured and Medicare. Providers face fixed prices for treating Medicare population while
they negotiate reimbursement rates for their privately insured patients. In our model, payers
have different technologies for monitoring provider behavior.

Unlike Gawande (2009)’s hypothesis that geographic differences are driven by differences
in provider culture, our model focuses on differences in provider incentives that lead to dif-
ferences in the care that is delivered. Specifically, in our framework, variation in health care
utilization and expenditures is generated by underlying geographic variation in the model’s
primitives of provider market structure and productivity. These differences, in turn, lead
to different incentives for physicians to treat based on the type of insurance of the patient.
Recent work has shown that geographic variation in provider productivity and market struc-
ture are empirical realities (Chandra et al. (2013), Skinner and Staiger (2007), Chandra et al.
(2013), Gaynor et al. (2014)). While our theory is not complicated, the underlying variation
in productivity and provider market structure interact in complex ways in the model allowing
it to match the patterns of variation we observe. That is, without the model, the under-
lying variation in productivity or market structure cannot alone account for the observed
variations behavior. Our model emphasizes that understanding geographic variation requires
accounting for provider incentives that lead to linkages and spillovers between the administer
7

price environment of Medicare and privately insured price sectors.%’

The intuition behind our results is rather straightforward. Given fixed capacity, physi-

6Three notable exceptions to the observation that much of the study of health care variations is atheoretical
are Chandra and Staiger (2007), Chandra and Skinner (2012) and Clemens and Gottlieb (2017). Chandra
and Staiger (2007) construct a Roy model of productivity spillovers and show that in equilibrium this model
will generate variations in treatment intensity by affecting the patient severity cutoff rule for determining
the intensity of treatment. Their model can explain several patterns in the treatment of acute myocardial
infarction patients in the early 1990s. However, their model cannot readily account for the weak correlation
between Medicare and privately insured populations health care expenditures or the observation that price
variation drives much of the variation in private health care expenditures.Chandra and Skinner (2012) show
that geographic variation in utilization can be driven by exogenous variation in productivity, reimbursements,
patient out-of-pocket expenditures or malpractice risk. However, they do not attempt to reconcile the patterns
of variation with their theory. The work that is most similar to ours is by Clemens and Gottlieb (2017). Like
us, they model linkages between the Medicare and commercially insured population. Their primary focus is
on the pricing links between the two sectors while we are attempting to explain a broader variety of facts
surrounding geographic variation.

"We provide a more comprehensive review of both the theoretical and empirical literature on geographic
variations below.



cians must decide how to allocate their efforts between Medicare and private pay patients.
Physicians allocate that effort based on the returns they receive which, in turn, depend
upon the relative reimbursement rates (which is a function of market power for privately
insured patients), their productivity and the value they place on patient welfare. We model
physician-insurer negotiation explicitly to characterize the role of market power on physician-
insurer-region specific reimbursement rates.

Our model has sharp implications...

Our model is then calibrated to fit data from both Medicare and commercial markets.
More specifically, we specify all the functional forms and propose several appropriate distri-
butions based on the theoretical model. We then derive the closed forms for all the moments
of interests. By matching the derived moments with empirical data, we manage to solve for
proper values of all of the model’s parameters. The solved parameters are then applied to
our stimulation exercise.

[Insert Here: Findings from the calibration exercise]

The rest of the paper is organized as follows. Stylized facts and a review of the theoretical
literature are presented in Section 2. Section 3 presents the theoretical model. Empirical and
policy implications of the model are presented in Section 4. In Section 5, we calibrate our
model to match a series of moments and run counterfactual policy experiments. Conclusions

are drawn in Section 6.

2 Stylized Facts and Theoretical Literature

2.1 Stylized Facts of Geographic Variations

The observation that health care providers do not treat like patients similarly dates to the
1938 study of tonsillectomies in England (Glover, 1938). The modern analysis of variations
starts with Wennberg and Gittelsohn (1973) who shows that there is variation in medical

care among providers in a small geographic area. Over the last 30 years, a large literature has



documented and examined the variation in medical care expenditures.® Much of this work
has been done by researchers under the umbrella of the Dartmouth Atlas of Health Care
project. The first volume was published in 1996 (Wennberg and Cooper, 1996). The impact
of the Dartmouth work had on the health service research and health policy community
is monumental inspiring many other researchers to jump in to provide more color to the
analysis. The policy implications of variations are significant leading to reports by CMS,
MedPAC and and most recently the detailed IOM report.

One of the important aspects of this literature is the focus on analyzing detailed medical
claims data for millions of patients. The quantity and quality of the data allow for a detailed
examination of geographic variations. Below we reproduce the major, important aggregate
patterns that have been documented in this literature. To do this, we use publicly available
data from the IOM project. These data provide aggregated measures of spending, utilization
and quality of care by insurance type for 306 hospital referral regions (HRR) using millions of
Traditional Medicare and privately insured patient claims. HRRs, which were created under
the Dartmouth Atlas project, are agglomerations of zip codes that approximate regional
hospital markets. These agglomerations are based on hospital admission travel patterns.’

The IOM presents several versions of the expenditure data and we use the version that
has been adjusted for age, sex, race, input price and health status. These adjustments likely
understate the true variations as the health status adjustments are based on claims data and
likely capture some supply side coding behavior. Also, the IOM used two distinct source of
commercial claims data with two different teams performing the analysis. We combine those
two data sources into a weighted (by sample size) average of expenditure and utilization for

each HRR.

8More complete reviews of this literature can be found in Skinner (2011), Chandra and Skinner (2012)
and (Newhouse et al., 2013).
9More detail on HRR construction can be found here: http://www.dartmouthatlas.org/data/region.



Stylized Fact 1: There is significant geographic variation in Medicare and pri-

vately insured spending that is not explained by variation in health status and

outcomes

The Dartmouth Atlas popularized the notion that geographic variations in health care spend-
ing is an important, policy relevant phenomenon. Figure 2 displays histograms of the Medi-
care and commercial spending by HRR for 2009. The variation for both populations is
meaningful. The ratio of the 90th to 10th percentile spending is 1.24 and 1.26 for the Medi-
care and commercially insured populations, respectively. The degree of variation in these
IOM data are notably less that the variation in the Dartmouth Atlas data presented in the
Introduction which is likely a result of the health status and other demographic adjustments.
The finding of variation of this magnitude in both the Medicare and commercial populations
is extraordinarily robust across numerous studies spanning time, data sources and method-
ological approaches. Fisher et al. (2003a), Fisher et al. (2003b), MedPAC (2011), Chernew
et al. (2010), Philipson et al. (2010), McKellar et al. (2014) and Romley et al. (2014) all
document significant geographic variation in health care expenditures and utilization. This
variation is also significant from a policy perspective. Moving mean expenditures in HRRs
above the median to the median would reduce total Medicare fee-for-service expenditures by
4% or $60 billion annually.

However, this finding of significant geographic variation is not without its critics. The
primary issue is whether this variation is driven by demand side factors (e.g. health status,
income) which is less interesting for economics and policy or whether this variation is driven
by supply side behavior of hospitals and physicians. For example, Sheiner (2014) argues that
socioeconomic factors that affect the need for medical care, as well as interactions between
the Medicare system and other parts of the health system, accounts for most of the variation
in Medicare health spending. This study, in turn, has its critics and the broad base of
evidence aligning with the Dartmouth Atlas view. Using data on Medicare enrollee migration,

Finkelstein et al. (2016) report that 50 to 60% of the variation in Medicare expenditures are



Figure 2: Variation in Medicare and Commercial Spending
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attributable to supply-side factors. Examining physician responses to vignettes, Cutler et al.
(2013) find little evidence that the geographic variation is driven by demand-side factors.
The finding of variation holds even when drilling down more fine characterizations of the
care. Variation has been found for end-of-life care, back surgery, hip replacement and knee
surgery in the Medicare population. The IOM study found variation for inpatient, outpatient,

emergency department visits, pharmaceutical utilization and use of imaging services.

Stylized Fact 2: Geographic variation in Medicare spending is driven principally

by variation in utilization while privately insured spending variation is primarily

driven by variation in the price of care

An obvious question raised by the findings of Stylized Fact 1 is whether the variation in
expenditures is driven by variation in prices, quantities or both. Medicare prices are admin-

istratively set suggesting that all Medicare variation must be driven by variation in quan-



tities. However, the formulas determining those rates can vary by provider and geography.
Furthermore, through differences in coding practices providers are able to manipulate effec-
tive Medicare reimbursement rates (McClellan (1997), Dafny (2005), Silverman and Skinner
(2004)). Thus, it is an open question whether Medicare spending variation is driven by prices
or quantities.

The IOM report decomposed the variation in both Medicare and privately insured pa-
tients. They concluded that variation in Medicare spending is driven primarily by variation
in services delivered. For the privately insured, variation in spending was principally driven
by variation in prices implying that utilization across geographies. Specifically, variation in
the price of care accounted for 70% of the variation in the privately insured spending. The
IOM’s work builds upon the analysis in Gottlieb et al. (2010) who also found that Medicare

spending variation was driven by utilization and not prices.

Stylized Fact 3: Private provider prices are positively correlated with private

spending and negatively correlated with Medicare spending

Medicare and privately insured sectors likely do not operate in isolation from one another.
In fact, one of the central features of our theory is that as long as providers face capacity
constraints, these sectors are linked. Empirical evidence of this linkage is reported in Romley
et al. (2014). There they examine the relationship between the mean HRR price for med-
ical care provided to privately insured patients and private and Medicare spending. These
correlations are striking. Increases in private prices are associated with increases in private

spending and a decreases in Medicare spending.

10



Stylized Fact 4: Medicare and privately insured utilization is positively corre-

lated across geographies

Stylized Fact 5: Medicare and privately insured spending is uncorrelated to

weakly correlated across geographies

%] Correlations between

[***Modify to reflect new graphs with same unit of observation
utilization and spending between Medicare and the privately insured provide insights into
the nature of the spillovers between the sectors. In Figure 2.1 we present these correlations.
In the first panel we present the utilization (based on number of outpatient visits) scatterplot
and the quadratic fit regression line which visually present the findings in Stylized Fact 4.
The correlation in utilization between Medicare and the private sectors is positive and strong.
The R? on the regression is .30. In the second panel we present the same analysis for spending.
Here the story is very different. There is very little correlation between per-capita spending

in the Medicare and commercial population. This correlation pattern is similar to the one

reported in Chernew et al. (2010).

Stylized Fact 6: Increases in Medicare payments cause privately insured reim-

bursements to rise

There is a large literature examining the relationship between public payer reimbursement
rates and the rates private payers negotiate with providers. The common view is that ‘cost-
shifting” occurs. In this review of the literature, Frakt (2011) finds little credible evidence
for ‘cost-shfiting,” the idea that providers offset decreases in public reimbursement rates
by increasing private rates. More recently, relying on well identified variation in Medicare
payments, Clemens and Gottlieb (2017) find that increases in Medicare reimbursements lead
to an increase in private reimbursement rates. They find that the correlation is strongest
when insurers are concentrated, small physician groups, and in more competitive physician

markets.
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Figure 3: Correlations in Medicare and Commercial Spending and Utilization
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Stylized Fact 7: Variations in utilization (and spending) are not consistently cor-

related with health outcomes

Health outcomes also vary by geography (e.g. Finkelstein et al. (2018) and literature cited
therein). However, the variation in health outcomes appears to be unrelated to variation in
healthcare spending and utilization (e.g. Hussey et al. (2013), Skinner (2011), Fisher et al.
(2003b), Fisher et al. (2003a)). For the private market, it is not surprising that spending
variation does not explain health outcomes given Stylized Fact 2 which describes that most
of the variation in private spending is a consequence of variations in prices (not utilization).

The observation that health care outcomes are not positively correlated with health care
spending has lead to two types of explanations. The first and most common explanation is
“flat of the curve” medicine (e.g. Fuchs (2004)) whereby additional inputs in a standard con-
cave production function have decreasing marginal product. The second explanation is that,

for a number of possible reasons, the productivity of care may differ across geographies and

12



this productivity may be correlated in complex ways with input use (e.g Chandra and Staiger

(2007)). Our model will allow for both types of explanations for this lack of correlation.

2.2 Theoretical Analysis of Geographic Variations

No single model considers or explains all, or even most, of the stylized facts we list above.
Nonetheless, several models of geographic variations have been developed and we discuss
them below.

Skinner (2011) builds a model that seeks to explain the geographic variation in spend-
ing and utilization for Medicare patients. To do so, he provides a two-period model where
individuals seek medical care from partially altruistic physicians and follow their recommen-
dations. In his model, individuals value medical consumption uniquely as a means to augment
their second-period utility. He shows that variations in Medicare spending across different
geographical areas can be generated by both demand and supply side factors.!® Because
Skinner treats the Medicare market in autarky (i.e., does not consider interdependencies
across markets), his model does not speak to most of the stylized facts spelled out above.

Philipson et al. (2010) provide a more macro-level model that assumes (rather than gen-
erates) within-market variation across physicians in their provision of care (i.e., a market
specific distribution of care y across physicians is given by F'(y)). Furthermore, their model
assumes (again, rather than generates) that the distribution of care F'(y) varies from one
market to the next. That is, they take as given across-market variation in utilization (and
spending under a common price). Finally, the authors assume that physicians treating pri-
vately insured patients are subject to an exogenously determined “hard” utilization review
which is also assumed to be common across markets. More specifically, the authors as-

sume a hard constraint on y such that F(y) distributions (along a common support) are

10 Among demand-side factors are: (i) differences in health status and need, (ii) differences in income, (iii)
differences in prices paid (or insurance generosity), (iv) differences in patient preferences, and (v) differences
in access (or other constraints). Among supply-side factors are: (i) differences in practice norms (educa-
tion, training,...), (ii) differences in ability /productivity, (iii) differences in altruism/preferences (i.e., how
physicians value patient health relative to financial gains), and (iv) differences in financial incentives and
competition.

13



right-truncated at a common y*". Given these assumptions, two basic results (i.e., testable
hypotheses) follow. First, the within-market variance in utilization amongst private payers is
smaller than the within-market variance in utilization amongst Medicare beneficiaries. This
result mechanically falls out by simply truncating the private care distribution. Second, the
difference in within-market variance in utilization across private and Medicare patients is
likely to increase as the average Medicare utilization increases. This also again mechanically
falls out by the single right-sided censoring at y*". They bring these two theoretical results to
the data and find evidence to confirm them. Philipson et al. (2010) say little about why differ-
ent regions face different distribution of care patterns nor why the private sector restrictions
would be both “hard” in nature and common to all geographic regions. There model cannot,
however, speak to endogenous private-sector price setting nor the many interdependencies

across markets in utilization and spending.

3 Theoretical Model of Service Provision

In this section, we build a model where the relationship that exists between the private and

Medicare markets is endogenous to the market structure.

3.1 A simple model of service provision

Consider a partially altruistic physician 7, in region s, who faces two types of patients: those
covered by Medicare (M) denoted by i and those covered by private insurance (P) denoted
by k. Further assume that the physician receives a fee FM and F j{) ks Per quantity of care
provided to Medicare and private-payers, respectively. The Medicare fee (FM) is assumed
common across physicians and regions to reflect administrative nature of the fees, while the

private fee (F1, ) is assumed to be physician j, patient k (i.e., private insurance) and region

J.k,s
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s specific to reflect the negotiated nature of such fees.!’!?

Let physician j’s utility of providing ¢™ units of care to a Medicare patient i who suffers
from illness severity 6 in region s be given by:!'3

UM = n(0M, ¢M) + FMgM — c(gM), (1)

7,2,8 7

where h(0M, ¢M) represents patients’ health production function (common across patients)
with typical assumptions of h;M <0, h;M > 0, h/q/M < 0 and where ¢(.) > 0 and ¢’(.) > 0.

Similarly, let physician j’s utility of providing ¢* units to a private patient & who suffers
from illness severity 6/ in region s be given by:

Ules =h07 a0) + Flhoar — claf). (2)

Now, in order to reflect some additional features of the market, we augment the above
setup in several ways. First, we assume that physicians face a physician-region specific
capacity constraint in the total quantity of care units (@) which is increasing in the physician’s
productivity: o; - where «; is drawn from a region specific distribution which we characterize
below. More specifically, where Zszl qb + Zfil ¢ < Q(a;) and where Q'(«;) > 0.

Furthermore, recent work has found that measures on physicians bargaining leverage are
correlated with the fees they receive from private insurers (McKellar et al. (2014), Dunn
and Shapiro (2014), Kleiner et al. (2015) and Gaynor et al. (2014)). We incorporate this
feature into our model by allowing physicians to vary in their bargaining position which

affects the fees they receive from the private insurer. We denote the physician bargaining

leverage as p; and the reduced-form relationship between the private fee and bargaining

'We omit the s subscript on the Medicare fee (F'*) as are administratively set and where: (i) all providers
within a geography s are subject to the same fee and (ii) differences in Medicare fees across geographies are
do to variations in cost of living.

2Tn the model, we assume that each patient k is associated with a particular insurance provider, and thus,
k denotes both the private patient and their insurance provider.

13Unlike Skinner (2011), we assume a paternalistic form of altruism - i.e., the physician cares about the
patient’s health not the patient’s demand for care. For insured patients, these are essentially equivalent.
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leverage as 1, (117), where F is weakly increasing in y; (i.e., F]{f;’s(uj) > 0). We endogenize

Jokys
the relationship between the physician’s bargaining power j; and the physician’s private fee
F/.  explicitly in Section 3.2 below.'*

As alluded to above, an important feature of private insurance relative to Medicare is
that they have the incentive to more closely monitor physician behavior to reduce physician
agency. In some important sense, this is one of the principle functions of managed care. We
incorporate this into the model by assuming that private insurance providers engage in cost
controls in the form of financial penalties for ‘excessive’ costs f(F} ,(11;)qi) where fr.p >0
and f; »> 0.5

For simplicity and without loss of generality, we assume that each physician has two
patients: one Medicare and one privately insured. We additionally assume that the care
provided to private and Medicare patients is homogenous in terms of its costs. That is, the
marginal cost of providing a unit of care is invariant to the type of patient served.

Assuming that: (i) the capacity constraint is binding, (ii) physicians maximize utility over
their entire (i.e., two patient) population (i.e., follow a utilitarian rule), and (iii) physicians
value their Medicare and private patients’ health equally, yields the following physician-j’s,

in region s, maximization problem: 1°

maz Lo gp \ = h(0M7 sz) + FquM + h(@,f, QIf) + F‘],Dk,s(l‘j)qg

? J

(g +qp) = f(Fh(m)ae) + AQ(oy) — ¢ — ar).

The FOC conditions with respect to ¢™, ¢ and \ are respectively given by:

Ry0M, qi") + FM — (¢ +¢)) = A =0, (4)

1

14 Bargaining leverage, bargaining power and market power are used interchangeably throughout.

5Town et al. (2011) provide a theoretical model the relationship between physician market structure
and the private payer contract structure. Consistent with our result, they find that physician with higher
bargaining leverage have “lower power” contracts.

I6Tf the capacity constraint were not binding, then how much the physician values her patient’s health
relative to her net income would come into play.
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Together, the first-two FOCs yield:

h/(Q;M’ 7{\4)+FM_h/(0k7Qk)+P1]ks( )_fép(ﬁ}}?k,s(uj)qg) (7>

Finally, by substituting the capacity constraint (which we assume is binding) into this

last equality, the optimal amount of ¢% satisfies:

hlz(ezMaé(%)_Qk)"‘FM h/<9k>Qk) ngks(ﬂj) f (ijs<:uJ)Qk> (8)

This last condition implicitly defines physician-;’s region-s specific supply curve of care
to the private patient k (with corresponding private insurance) for the given pair of illness
severities (9} and ) and for a given set of parameters a;, p;. Coupled with the capacity
constraint, it also implicitly defines physician-j’s region-s specific supply curve for care to
the Medicare patient for the same pair of illness severities and parameters. Analogously, one
can derive physician-j’s region-s specific supply curves of care to the private and Medicare
patients (respectively) across all potential illness severity pairs and possible parameter values.
We denote physician-j’s region-s specific Medicare and private-payers supply functions as

q);=Q(FM, F/,

s 08,00 1y, o) and gy =Q(FM Ffy 08, 0M; 1y, o), respectively.
Under standard conditions, ¢™ (¢) is increasing (decreasing) in # and decreasing (in-

creasing) in 6. Thus, the underlying need for care in one patient population can affect

the provision of care to the other (see Appendix 1 for proof and conditions). Furthermore,

holding all other elements constant, g™ and ¢! are increasing in the physician’s productivity,

or equivalently, capacity constraint but where the effect on Medicare is greater than private
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> 1 and 0 < d%](l;) < 3)(see Appendix 2 for

dgM

utilization under reasonable conditions ( 0

proof and conditions).
We denote the optimal level of care supplied by physician j in region s to her Medicare
and private patients i and k who suffer from M and 67 (with given prices (FM, FJP ,ﬁs)

and parameters (a;, 11;)) as ¢;3"

)L, S

(0, 07) and ¢ [(6],6}), respectively. Finally, we denote
the difference in the two optimal quantities as Aj (0}, 05 )=¢} (07, 0)-¢ 35 (0, 65). In
Appendix 1, we also show that A;; (0M,6F) is increasing in 6} and decreasing in 0. It
is worth noting that these upward sloping supply curves become completely inelastic at the

capacity constraint. For the rest of the exercise, we will assume interior solutions.

3.2 Endogenous private fees

In this section we model the physician-private insurer price setting process which was previ-
ously represented by its reduced-form relationship: F/; (1) and F/%} (u;) > 0.

The physician’s problem:
Consider, as above, that the physician is endowed with both a private (served by a particular
insurance provider) k and a Medicare i patient and that the private (FJP ) and Medicare
(FM) reimbursement rates are given (while omitting the s subscript for compactness).

The physician’s utility when treating k and ¢ (with illnesses M and 6}) optimally is given
by:
Ui = (07, q;™) + FY g™ + n0, ai") + Flrar” — e(Qoy) — f(Firai”), (9)

J

where U jA,” constitutes the physician’s agreement utility at given reimbursement rates and
where g™ and ¢;”" denote the equilibrium quantities.
Next assume that if the physician refuses to treat her private patient k (with corresponding

reimbursement rate FJP .), she can replace him or her with another private patient &’ or another

Medicare patient ¢ with probabilities x; and (1 — pu;), respectively.!” So u;, which we defined

"Where a new private patient &’ would be associated with an expected (equilibrium) reimbursement rate
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as the physician’s market power, is given a specific meaning here. That is, a physician with
greater market power is one who can more easily replace a current patient with a private-
paying one.

Thus, if the physician refuses to treat patient k, her expected utility is given by:

U = milh(0, 7™y + FM g™ + h(6f, ") + Floan” — F(FLeai™)]

(L= )[R0, M) + FY g™ + h(0, g ) + FY gV — o(Q(ay)) (10)

1

where U ﬁ%, constitutes the physician’s (expected) disagreement utility and where (**) de-
note the new equilibrium quantities when the physician draws another private patient while
(***) denote the new equilibrium quantities when the physician draws another Medicare
patient. We make the simplifying assumption that the private fee associated with treating
patient k' as given. For simplicity, we assume that a new Medicare patient would have the
same illness shock as a new private patient.

Two things are worth noting here:

1. By comparing the “agreement” and “disagreement” utilities, and assuming that FJP W >

F,, one can see that there exists a minimum F;,, denoted FJ,, -,

such that the physi-
cian is willing to continue to treat her patient k (i.e., the agreement utility is greater

than the disagreement utility) rather than try her luck on a new patient i’ or &/, and 1®

2. Again, assuming that ka/ > ka, the minimum fee FF

L . L
min,; 18 increasing the physician’s

p; (i.e., the more likely the physician is to gain a private patient rather than a Medicare
patient if she were to drop her current k patient, the more she requires a larger private

fee to continue to treat her current private patient k).

The insurance provider’s problem.:

Next, assume that the insurance provider’s utility /profit is increasing in its patient k’s health

FP,.

7k’

18Assuming, for simplicity, that patients ' and k' have the same illness severities as the k patient they
potentially replace.
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(which is itself increasing in quantity ¢;7) but decreasing in the price it pays the physician
(FJP .). If the insurance provider offers a private fee above the physician j’s minimum fee (i.e.,

P P
Fi > F,

mm,j), then the physician will keep her current private patient k£ and respond with

the corresponding optimal quantity ¢;”. Insurance provider k’s profit is then given by:
VkA =V (h(6", q"), Fqu,’gp) (11)

where V/ > 0 and Vj < 0. This characterizes the physician’s agreement profit.
If, however, the insurance provider offers a fee below physician j’s minimum fee (i.e.,

P P
Fi < F

minj), the physician will refuse to continue to see patient & and what the insurance

provider will receive is normalized to zero:
VP =0. (12)

This characterizes the insurance provider’s disagreement profit.

The physician-insurer reimbursement-setting process:

We next consider the physician insurance-provider interaction in a sequential framework.
First, we assume that the insurance provider makes a take-it-or-leave-it offer of F ]-I’D .. to physi-
cian j, which she can accept or refuse (under a full information framework).

The insurance provider will choose to offer a fee F]*,f >FP  to physician j that maximizes

min,j
its agreement utility (V4) if doing so yields more profits than offering: (i) exactly FZ. . and

min,j)

(ii) offering less than F%

hin; and receiving the disagreement utility (V*) which is normalized
to zero. Similarly, the insurance provider will choose to offer exactly the minimum fee
FP

min,j

> Fj*kp (although greater than would be offered in the absence of a physician’s ability
to drop the patient k) if doing so yields greater profits than V¥ = 0, and offering more
than F,;, ; with corresponding physician response. As a result, the greater j’s disagreement
utility, which is itself increasing in p, the greater will be the minimum fee F,ﬁmy ; that she must

be offered for her to continue to treat her patient k. Thus, the fee offered to the physician
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(FJP ) in this take-it-or-leave-it setting is weakly increasing in physician j’s minimum fee

FP

mmin,; Which is itself strictly increasing in probability p;. We represent this price-setting

environment with the reduced form relationship between this likelihood (henceforth referred
to as the physician’s market power or bargaining leverage) and the physician’s equilibrium

- P
reimbursement rate as Fj, (1).

4 Implications of the Model

We next reconsider our model in order to evaluate if and under what conditions it is consistent
with the previously described Stylized Facts 1 through 7. Before deriving the model’s pre-
dictions, which will yield testable empirical implications, we make the following simplifying
assumptions. The capacity constraint (i.e., productivity) parameter «; and the bargaining
leverage parameter, p;, are drawn from a region s-specific distribution I'(a, p; ws) where wy
completely characterizes the distribution I' and I'(a, p;ws) = (e, p;w?) iff ws = wl.. The
hyper-parameter wy is drawn from the non-degenerate distribution K (ws). Thus, the distri-
bution of two of the primitives of the model (o and ) vary by geographic regions s. The
theoretical and calibration exercise below will allow us to identify the across-region relation-
ship between capacity constraint and productivity parameters o and pu.

Before proceeding, we develop some additional notation. Let IZ,z € {M, P} denote the
mean Medicare and privately insured utilization in region s, let " denote the mean privately
insured fee in region s, and let e?,z € {M, P} denote the mean Medicare and privately
insured expenditure in region s. Finally, let @y denote the mean bargaining leverage in s and
«; denote the mean capacity constraint in s.

Proposition SF1: There is significant across region-s variation in mean Medicare and

privately insured spending that is not explained by variation in health status and outcomes

i.e., Var(e) > 0 and Var(el’) > 0 (see Appendix 3 for proof).

M

5")) not coming from varia-

Across-region variations in Medicare mean spending (Var(e

tions in health status must come from across-region variations in mean utilization (Var(IM)),
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as reimbursements rates are constant across regions (i.e., as Var(FM) = 0). Across-region
variations in mean Medicare utilization can come directly from across-region variations in
mean capacity constraints, or equivalently, across-region variations in mean productivity
(i.e., from Var(Q(as))). They can also come indirectly from across-region variations in mean
private reimbursement rates (Var(rf’)), or equivalently, from across region variation in mean
bargaining leverage (i.e., Var(fs)). Thus, elements which affect the private insurance market
can spill-over to the Medicare market.

Across-region variations in privately-insured mean spending (Var(el’)) not coming from
variations in health status can come from across-region variations in mean utilization (Var(1F))
and/or variations in mean private fees (Var(rl)). Across-region variations in mean private
utilization (Var(lY)) can come from across-region variations in mean capacity constraints
which are driven by across region variations in « (i.e., Var(as)) as well as, across-region
variation in mean private fees (Var(r?)) which are driven by across region variations in p
(i.e., Var(ps)). Thus, across-regions variations in Medicare and privately insured spending
not driven by health status can be driven by variations in the models primitives o and p.'®

Proposition SF2: Across-region variation in mean Medicare spending (Var(eM)) is

driven principally by across-region variation in utilization (Var(I™)), while privately insured

P

%)) is primarily driven by across-region variation in the private fee

spending variation (Var(e
(Var(rl’)) (see Appendix 4 for proof).

The model generates across-region variation in mean Medicare spending driven entirely
by across-region variation in utilization (as Medicare reimbursement rates are constant across
physicians and regions). As pointed out above in Proposition SF1, this across-region variation
in Medicare utilization can be driven directly by across-region variations in mean capacity

constraints (which are a function of the mean productivity parameter «) and indirectly by

across-region variation in mean private fees (which is a function of the mean bargaining

19Tt is important to specify that for the aforementioned across-region variations in Medicare and privately
insured spending not to lead to corresponding variations in outcomes, physicians must be practicing on the
relatively flat portion of the health production function. We return to this point in Proposition SF7.
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leverage parameter f).

The model generates across-region variation in mean private spending which is driven
primarily by across region variation in mean private fees, and not variations in quantities,
if greater bargaining leverage translates into greater private fees while cost controls limit
the crowding out of care to Medicare patients. The same result will also hold if bargaining
leverage (1) and productivity («) are sufficiently negatively correlated across regions such
that the price effect cancels out the capacity constraint effect.

Proposition SF3: Private provider prices are positively correlated with private spending
(Corr(FF,ef’) > 0) and negatively correlated with Medicare spending (Corr(EFF, eM) < 0)

A sufficient condition for the across-region correlation between private prices and private
spending to be positive (i.e., Corr(FF el > 0)) is that private prices and private utilization

are positively correlated across regions (i.e., Corr(FF 1F) > 0). Nonetheless, Corr(FF el) >

0 allows for private prices to be negatively correlated with private quantities (Corr(FF 1) <

s 178

0) across regions as long as this negative correlation is not too strong. Let us consider
each of these possibilities separately to consider their implication on the second part of the

proposition (i.e., Corr(FF el’) < 0).

s 7S

First, consider the case where private prices are positively correlated with private quan-

tities (i.e., Corr(FF 1) > 0) (a sufficient condition noted in the above paragraph). For the

s 178

second part of the proposition to hold (i.e., that private prices are negatively correlated with
Medicare spending), it must be the case that private prices are negatively correlated with

Medicare utilization (i.e., Corr(EFF M) < 0), as Medicare prices are fixed. This, in turn,

s 178

would imply that regions with higher private prices would have, on average, higher private
utilization and lower Medicare utilization (which would imply a negative correlation between

private and Medicare utilization (i.e., Corr(I1F,1M) < 0)).

However, if private prices are negatively correlated with private utilization (Corr(FF,17) <

0), yet weak enough to allow for a positive correlation between private prices and private

spending, and, also negatively correlated with Medicare quantities (i.e., Corr(FZ, M) < 0)
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(given that Medicare prices are constant across regions) as given in the proposition, then

private and Medicare quantities will be positively correlated (corr(IF,12") > 0). That is re-

s)7s

gions with higher private prices have both lower private and Medicare utilization. However,
the only way for both Medicare and private quantities to be lower under binding capacity
constraints is for these same regions to have lower capacity . Thus, private prices (or, equiv-
alently, bargaining leverage) and capacity constraints (or, equivalently, productivity) must
be negatively correlated across regions for the proposition to hold under a (although weak)
negative across-region correlation between private prices and private quantities.
Proposition SF4: Medicare and privately insured utilization is positively correlated

across regions i.e., Corr(IM 1F') > 0

s 7S

According to the previous derivation, in order for SF3 (i.e., Corr(F? ef) > 0 and

Corr(FF eM) < 0) as well as SF4 (Corr(IM ;i) > 0) to hold, it must be the case: (i)

’ s s 7S

private prices are negatively correlated with private utilization (i.e., Corr(EFF I¥) < 0), and
(ii) that private prices and capacity constraint are negatively correlated across regions (i.e.,
corr(u, a) < 0) (which informs the relationship provided by I'(us, avs; ws)).

Proposition SF5: Medicare and privately insured spending is positively but weakly

correlated across geographies i.e., Corr(eM, el’) > 0. (see Appendix 7 for proof).

s 17s
From proposition SF4, we know that private and Medicare utilization are positively cor-

Mr

S0 > 0). We also know that the correlation between

related across regions (i.e., Corr(
private Medicare spending is driven by the correlation between private spending and Medi-
care utilization as Medicare prices are constant across regions. The correlation between
private spending and Medicare spending will be weaker than private utilization and Medi-
care utilization (i.e., Corr(el eM) < Corr(IF,1M)), if private prices and private utilization

s ¥s s 717s

are negatively correlated across regions (i.e., Corr(FF1¥) < 0) which was established in
Proposition SF3.
Proposition SF6: Increases in Medicare payments cause privately insured reimburse-

ments to rise i.e., g%ii > 0 (see Appendix 8 for proof).
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Unlike many of the previous propositions examined across-region variations, this proposi-
tion considers within-region ones. More specifically, it states that an increase in the Medicare
fee leads to an increase in the private fee within the same region. In order to examine the
effect of an increase in the Medicare fee (F™) on the commercial fee (FF), we return to
the endogenous price setting section. Notice that the increase in the F™ has two separate
effects. First, it increases the disagreement utility by increasing the expected utility associ-
ated with turning away the current private patient. Secondly, conditional on the agreement
utility being greater than the disagreement utility, it crowds-out the provision of care to the
private patient. Thus, a private insurance provider which does not respond to an increase in
the Medicare reimbursement rate risks having its patient receive less care from their current
physician at best, and being dropped by their current physician all together at worse. In or-
der to maximize the insurance provider’s profit /utility, it must respond with an appropriate
increase in its fee (F7).

Proposition SF7: Variations in utilization (and spending) do not translate into corre-
sponding variations in health outcome.

[*** Limit to across region at the mean?***] Our model is consistent with Proposition
SE'7 as long as the within and across equilibria Medicare and private utilization are on the
relatively flat part of the health production function. More specifically, consider a set of
physicians in region s, each treating a Medicare and privately insured patient with illness
severity ™ and 6. Given that each physician j within s is characterized by a unique
bargaining leverage 11; and productivity «;, each will be associated with a unique pair of
«M

utility maximizing quantity of care ¢

N,S(QM, 6F) and q]’ff,is(@M, 6F), and by extension, a unique

pair of patient health outcomes h(6},¢}%) and h(6f, ¢} ,). Denote the within-region-s
distribution of equilibrium health outcomes for Medicare and privately insured (where all
Medicare patients suffer from the same illness # and where all privately insured patients
suffer from the same illness #7), patients as S™ (¢7,) and S”(¢}}, ,), respectively. Proposition

SF7 simply requires that h(6M, q;‘JZVIS) is relatively constant across draws from S™ (q]*i”s) and
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similarly that h(6), ¢;} ) is relatively constant across draws from S”(¢}}, ). Or, equivalently,

that ?TZ ~ 0 along the distribution of S (g;,) and S*(¢7% ).

4.1 Policy implications

In this section we introduce a series of changes to the environment. More specific, we derive
the model’s implication with respect to several policy changes. More specifically, we exam-
ine the likely implications of (i) an increase in provider bargaining power (or, equivalently,
reduced competition in the provider market), (ii) the introduction of a pay-for-performance
(P4P) bonus scheme to the Medicare market, (iii) the introduction of a capitation payment
model to the private market, and, finally, (iv) an increase in the cost controls in the private
market.

Theorem 1: Private utilization and spending increase while Medicare utilization and
spending decrease, with an increase in provider bargaining power.

Proof:
Consider the impact of an increase in the physician’s bargaining power j; on the equilibrium

provision of private care:

OR
Gk _ o
. OR
dlj’] 8qf]g
where
OR
o —Fi () + fe (B (m5)ar) <0,
J

given that F7}(u;) > 0 and f;%,u(ﬂfk(ﬂj)%l'?k) < 0. Furthermore, we know that:

o = —h(0Y,Q(a) — aj3) — ha(07, q5) + fe (Fj (1) ;) > 0,
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from Appendix 1 and the assumptions therein. Taken together,

dqgl',Dk _ Fﬁ(ﬂj) - {E(kaaﬂj) S0
dp; —hiy (0M, Q(a) — ka) — hi, (67, ka) + fé%(ﬂ%(ﬂj)q]]?k)

Thus, an increase in the physician’s bargaining power leads to an increase in private fee and
a decrease in cost controls, which in turn lead to an increase in private utilization and spend-
ing . Furthermore, the increase in private utilization crowds-out Medicare utilization. As
Medicare fees are invariant to physician bargaining power, a decrease in Medicare utilization
is associated with a decrease in Medicare spending.

Similarly, a decrease in the physician’s bargaining power will lead to a decrease in the
private fee and an increase in cost controls, which in turn lead to a decrease in private
utilization and spending. The decrease in private utilization leads to an increase in Medicare
utilization. As Medicare fees are invariant to physician bargaining power, an increase in
Medicare utilization is associated with an increase in Medicare spending.

Theorem 2: Under sufficiently large bonus payments, the introduction of a Pay-for-
Performance scheme in the Medicare system will lead to an increase in Medicare utilization
and spending, and a corresponding decrease in private utilization and spending.

Proof:

Consider a P4P system which rewards physicians for meeting quantity targets. More specifi-
cally consider that for each illness severity " the Medicare authority provides an additional
payment B if the care provided ¢ (™) is greater than some pre-determine quantity target
g (0M) (which we assume is costlessly verifiable). The physician’s objective function thus
becomes:

max Lo gr = h(0}, ¢M") + FMgM + B1[g) > q(0)] + h(0; . q1)

)

(e — (g + @) — FF(m)a) + AMQ(oy) — ¢ — ),
where 1[¢gM > g(6™)] is an indicator function which takes the value of 1 when the Medicare
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quantity equals or exceeds the illness-specific quantity target (g(0*)). In order to solve
the above program, the physician simply has to compare the maximized utility under the
previous set-up to the utility with the targeted illness-specific quantity g(6™) (the physician
would never want to exceed g(#*) as the marginal benefit of doing so would be outweighed
by the marginal cost).

Notice that by providing the target quantity (@), the physician’s utility is given by:

U@ 0),Q — g B) = h0}, ") + FMq" + B+ h(0;, Q(ey) — 7")

+F(15)(Qlay) —=7) — e(Q(ay)) — f(Qley) =7, 1)

(13)

We know that for B = 0, UP*P (@, Q — ;B = 0) < U(¢*™,¢*"). As a result, there
exists a B such that the LHS=RHS. That is, there exists a unique P4P bonus to induce
physicians to provide a target level of care to Medicare patients. Offering a larger P4P
bonus (i.e., beyond B) would not further incentivize the physician to provide additional
care to Medicare patients (and would simply result in a greater transfer of income to the
provider).?

Theorem 3: The introduction of a capitation payment schemes for private payers leads
to a decrease in private utilization (and potentially, private spending) and a corresponding
increase in Medicare utilization and spending.

Proof: Reconsider the physician’s objective function in the presence of a capitation

payment K:

max L 4p. h(é’z . q; ) FM + h(ek e )

+ka — (g +¢f) + MQ(ey) — 4 — at),

where cost-controls are omitted as they are no longer relevant in the presence of a prospective

payment system.

20This, of course, could lead to a response from the commercial insurance provider which could dampen
the effect of P4P incentives in the Medicare market.
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The new FOC conditions with respect to ¢™, ¢ and \ are given by:

hy(0M ") + FM — (g +qf) — A =0, (14)
hy(0F ap) — (@ +qp) = A =0, (15)
Qo) — ¢ —q =0. (16)

The first-two FOCs can be simplified to:

(0 ") + P =Ry (0 i), (17)

Z’Z

Finally, by substituting the capacity constraint (which we assume is binding) into this

last equality, the optimal amount of ¢” must satisfy:

hy(0M, Q(oy) — i) + FM = hiy (05 ). (18)

Introducing a capitation payment system will lead to a reduction in the equilibrium
private utilization compared to the FFS system. The intuition is quite simple. When the
physician provides a unit of care to the Medicare patient, she receives utility through two
channels: the patient’s improved health and the Medicare fee F™. However, when providing
a unit of care to the private patient, she receives utility uniquely through the improvement
in the private patient’s health. Whether or not reductions in private utilization leads to
a reduction in private spending depends on the actual capitation payment K. Presumably,
lower quantity provision by physicians paid by capitation (relative to their FF'S counterparts)
would translate into lower total costs.

Theorem 4: An increase in cost controls will lead to a decrease in private utilization
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(with corresponding decrease in private spending) and an increase in Medicare utilization
(with corresponding increase in Medicare spending).
Proof:

Consider an exogenous increase in cost control where f(FqP (1i)a) > F(EF (15)q) and
fl(Ff(uj)q,f) > f'(EF(p;)qf) for each value of ¢” and p;. The optimal amount of ¢” must
now satisty W (9, Qlay) — b))+ FM = W (68, qf )+ F5, (1) — For (Y (1;)qf). Notice that
the RHS (which is the net marginal benefit of providing ¢’ to the private patient) is smaller
at equilibrium when compared to the previous level of monitoring. Thus, for the LHS to
equate with this new level of net benefit to the private patient, the physician must provide
more quantity to the Medicare patient in order to drive down the marginal benefit of care to
this new level. This increase in Medicare utilization crowds out private utilization through
the binding capacity constraint. Given that prices are invariant to such changes, the increase
Medicare utilization is also associated with higher Medicare spending while the lower private

utilization is associated with lower private spending.

5 Calibration

5.1 The maximization problem and optimal solution

We assume that the physician has the following maximization problem:

maxU = BIn (¢™ — 0) + FM¢™ + BIn (¢" — 0) + ;i FMq" — yp; FMg" — 6 (¢™ +QP)2

q]\/17qP

Plugging in the constraints and the maximization becomes unconstrained:

maxUzﬁln(ozj@—qP—Q)—i-FM (ozja—qp)+Bln(qP—0)+(1—v),quMqP—5ozj@2

q]\/[7qP
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The FOC is given by:

1 1 FM

which can be rewritten as:

U Ciq” — (a;C;Q +2) ¢" + a;Q + ;C;Q0 — 6°C; . (20)
dq” (a,;Q — ¢ = 0) (¢" - 0)

The sign of C} is critical to solution of ¢”. From here on, we assume that C; > 0, which

in turn implies the smaller solution of the numerator in (20) is delivering a local maximum.
Meanwhile, by assuming C; > 0, we derive ¢ < ¢/.
Going back, the above FOC can be reorganized as below:
Oéj@

2 — 2 _
P2 , <\ p, 94l D6 2 —
q (&]Q—l—cj)q + C; +a;Q0 — 0 0

There are two solutions to the above FOC, we can show that the smaller one achieves
maximum, where ¢©’ = W where B = (a]’@Cj)Q +4+ 46']2 (92 — oszQ). Therefore,

we find the optimal ¢* and ¢ as

o;Q Q) -
= [l g ) o
;i Q OéjQQ -
=2 - g [ - a00)

g™ > ¢" as expected.

5.2 Empirics data

The objective of this section is to derive moments to calibrate the model. To start, we used
the following proxies to match model variables: ¢: private outpatient visits; ¢*: Medicare

outpatient visits. To derive variable u, the following procedures is followed:

P

1. Let sf be private outpatient spending for HRR j. We derive f]P = Z%D as the outpatient
J
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fees.

2. We then find the average fee of private outpatient visit, weighted by the number of
observations in each HRR, fP. (In the dataset we used, Acumen Medicare Aggregate

HRR and LewinaggregateHRR, the mean is very close to median).

3. The medicare fee is then calculated as fM = 0.8fF.

P

4. Then p; = %

; : M P —  X(al+4M)
We add the proxy of a using normalized sum of ¢ and ¢*. Namely let @ = =——F—=

P M
% %% One most desirable property of «; is that corr (v, i) < 0 .In total

and then a; =
our model produces four outcome variables {ai, wisql g™ } We then calculate the mean of
the variable list m, the standard error 3 and the correlation matrix 0. Given the targetted
moments m, %, o as below:

m = [1,1.25,7.01,2.82]
¥ = [0.11, 0.26, 2.24, 1.95]

1
—0.36 1
095 —-0.26 1

0.77 —-0.42 053 1

5.3 Calibration

We propose a method that incorporates correlated o, and imposes little assumptions on

the distribution of «, u. To do so, we assign a chi-square distribution to the following terms

A= g p

5 where % [FM — (1 —~)FMy,;] = C;. And the optimal ¢”, ¢™ are as

L
Cio

follows:




or

gf =Ai+ B +0—\/A? + B?
qiM:Ai—Bi—i‘e—i—\/m
Now we assume that A; = a1 X;+a2Y;, B; = b1 X;+b2Y;. We further assume that X;, Y; are
mutually independent. To help us remove the square root in ¢*’, ¢™ , we impose the restriction

a1by = asb; and we find that \/A? + BZ? = 1 X; + &Y; where ¢; = \/a? + a3, cy = \/b? + b3.

Thus g7, ¢ can now be rewritten as:

qf = (a1 401 —c1) Xi+ (ag+ by — o) Vi + 6
@' =(ar—bi+c) X;+ (az—bo+2) Y; + 0

Let EX; = Ex, EY; = By, VX, = Vx,VY; = V4. Thus we have:

EqP = (ay + b1 —c1) Ex + (ag + by — o) By + 0
EgM = (a1 — b+ 1) Ex + (a2 — by + ¢3) Ey + 0
Vgl = (a1 + by — 1)* Vi + (as + by — )* Vi
VM = (ay — by + 1) Vx + (a2 — by + ¢2)* Vyr

cov (qip,qZM) = (a1 +by —c1)(ag — by +c1) Vx + (ag + by — ¢2) (aa — by + o) Vy
Meanwhile, we also know that:

EO{i — 2a1Exi2a2Ey

Q
4a?Vx +4a3 Vs
VC(Z - 1 ng 27Y
Q
P\ _ 2ai(a1+bi—c1)Vx+2as(ag+ba—c2)Vy
cov (o, qF) = 5
M\ _ 2a1(ai—bi+c1)Vx+2az(az—ba+c2)Vy
cov (ozi,qi ) = 5

The statistics with p is somewhat non-trivial:
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E/M e W —F ((1_7)FM(b1Xi+bQYi)>

_ 8
V,uz- =V ((177)FM(61X1'+52Y¢)>
o 5 2a1X;+2a2Y;
cov (v, ;) = —cov ((177)FM(b1X¢+b2Yi)7 B )

cov (/'L’w sz) = —Cov <(177)FM(€1Xi+b2Y¢)’ (al + bl - cl) XZ + (a2 + bQ - 02) }/;)

cov (,ui, sz) = —cov ((1—7)FM(§1X¢+Z:2Y,-)’ (a1 — by + 1) X; + (az — by + ¢2) Y%)

The calibration of these statistics require more specific assumption of X, Y (The uniform
distributions might make things easy). Below we sum up the calibration scheme. We have 13
parameters in the model {al, as,by,bs, Ex, By, Vx, V3, Q,0, FM B, fy} to match 15 moments.

In all, our task of calibration is reduced into solving the below system of nonlinear equations:

Eql = (ay +b —c))Ex + (ay + by —c3) By +0 (22)
Eq™ = (a1 — by +c1) Ex + (ag — by + o) By + 60 (23)
Vgl = (a1 +by— 1)’ Vx + (ag + by — ) Wy (24)
VM = (a1 — by + 1) Vi + (ag — by + ¢2)* Vo (25)

cov (qf, qZM) =(a1+b—c1)(ag —by+ 1) Vx + (ag + by — ¢3) (ag — by + o) Vy (26)

. 2&1EX + QCLQEY

EOéi
Q
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4a2Vy + 4a3 Vs
Vo, = 4 Xi; it (28)

Q

cou (ozi, q’fj) _ 2a1 (a3 + by — 1) Vx % 2a5 (ag + by — o) Vy (29)

cov (Oén ‘LM) = 201 (a1 = b + 1) Vx g 20z (a2 = by T &) Vy (30)
1 s

Fuj=————F 31
O e et (e o e ) o
Vi =V ( 5 ) (32)

. 5 2@1X¢ + ZCLQY;‘
cov (ay, p;) = —cov ((1 VY (X, 4 bV 0 (33)
cov (,ui, qP) = —cov b (a1 +bp—c) Xs+(ag +ba—c2) Y] (34)
cov (i, q") = —cov b ,(ar —by+c1) Xi+ (a2 — by +¢2) Yi ) (35)
arby = azb; (36)

There’re several things to note in the above equation system:

1. With (28) and (29), we can derive (30), which reduces the total number of equations

from 15 to 14.
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2. Likewise, we can derive (35) from linear combination of equation (33) and (34). We

are dropping equation (35) and now we have 13 equations remaining.

3. (30) has a close form:

SN = B 2a1 X;+2a2Y; |\ _ B(2a1 X;+2a2Y;) o B

cov (ay, j1;) = —cov ((1—7)FM(b1X¢+b2Yi)’ Q >_ E <(177)FM§(b1Xi+b2Yi)> E ((1—7)FM(bIXi+b2Yi)>
_ 2a1 X;42a2Y;

cov (ay, p;) = —cov <(1*’Y)FM(§1X¢+b2Yi)7 ay ; as >

—_ Baz B 201 Xi42a2Y;
() FMQby E <(1_7)FM(171X¢+172Y1-)> K < 9] )

Now we are matching 13 moments with 13 parameters. It remains challenging to get the
close form of equation (34). The key challenge is removing the covariance operator in the
equation.

Moving on, we assume that X; ~ Gamma (ki1,91),Y1 ~ Gamma (ks, d3). We also assume
that b167 = bado. This assumption is important since it allows that linear combination of
X1, Y] are also Gamma distributed. Since we add one more constraints, one of the above equa-
tions should be dropped. Our choice of the equation is equation 16 due to the difficulty in de-

riving a close form. Now we still have 13 parameters {al, as, by, bo, k1, ko, 01,62,Q,0, FM 3, ’y}

Eq” = (a1 + by — c1) k161 + (ag + by — ¢2) kabg + 0 (37)
Eg™ = (ay — by + ¢1) ki6y + (ag — by + ¢) kady + 0 (38)
Vil = (a1 + by — ¢1)* k16?2 + (ag + by — ¢3)” kyd2 (39)
VqZM =(ay — by + C1)2 k10?4 (ag — by + 02)2 ko032 (40)
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cov (qf, qZM) = (ay + by —c1) (ay — by 4 ¢1) k167 + (ag + by — ¢3) (ag — by + c2) kb3 (41)

B 2&1]6151 + 2(12]{252

Ea; (42)
Q
4a2k10% + 4a2kq62
Va, = 111_2 2/205 (43)
Q
cov (ai, qlp) _ 2&1 (CLl + b1 — Cl) ]fl(S% i 2&2 (CLQ + bQ — CQ) kQ(S% (44)
Q
1 Bb10;
M=) P (L= ) BV (biky + baky — 1) (45)
2
Vi — (Bhi)” (46)
[(1 — ’)’) FM (blkl + bgkg — 1)] (bll{?l -+ bzkz — 2)
cov (cu, p15) = Basy o Bb161 (2a1_k161 + 2a3k20) (47)
(1 =) FMQby (1 — ) FMQ (biky + boky — 1)
arby = asby (48)
b101 = bady (49)

Equation 27-29 is derived as follows: Z; = b1 X; + byY; ~ Gamma (biky + boks, b101) and
thus we know that Z% ~ inv — Gamma (b k1 + baks, b101).

[Results and Counterfactual Experiments]
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6 Conclusions

In this paper we build a model which replicates the main stylized facts surrounding the
geographic-variations’ in healthcare utilization and spending literature. Not only does it
replicate the within- and across-geographies patterns of utilization and spending in the Medi-
care and private settings, it replicates their interdependencies (in terms of fees, utilization
and spending). These patterns are driven by the two primitives of the model: the physician’s
bargaining leverage and productivity.

Our model allows us to speak to the likely effects of different policies. We show that de-
creases in provider bargaining leverage (or, equivalently, increases in provider competition)
negatively affect private reimbursement rates and cost controls, which in turn negatively
affect private utilization and spending (with corresponding positive effects on Medicare uti-
lization and spending). We also show that an increase in the Medicare reimbursement rate
can have a causal effect on private reimbursement rates, utilization and spending in both
the Medicare and private-insurance markets. Finally, we show that pay-for-performance in
Medicare markets and prospective payments cost-controls in the private market can have
important implications for both these markets - again highlighting their interdependencies.
Taken together these results suggest that private and Medicare variations in utilization and
spendings across geographies are driven, at least in part, by local market conditions and the
incentives they create rather than just inherent differences in physician practice styles and

patient need.
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7 Appendices

Appendix 1:
First, consider the following additional set of conditions:

o 14 (0 ¢M) > 0 and R, (67, ¢") > 0 (the marginal benefit of care increases with illness

severity), and

o 14, (0M M) < 0 and hj, (67, ¢"7) < 0 (the marginal benefit of care is decreasing in care).
Next, let R define the (implicit) supply function (8) such that:

R = (07", (Qay) — i) + F

=50k i) = Fg o) + For (Fji o () ai).

Using the implicit function theorem (and omitting subscripts for compactness), consider

P OR
dg” _ _ mr
P OR
abr %

where
OR
0P = —hi, (07,4")
and where

OR " al " "
W - _h22(9M, Q) — qp) - hZQ(QP’ qp) + fqP(kaﬁ(uj)q’f)'
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Thus,

dg” —hy,(07,4")
dor —hf, (M, Q(ar) — q) — hb, (07, ¢7) + f;/P(Fj],Dk,s(uj)qllc3>
h/2/1 (9P7 qP>
R (0M, Q) — ¢F) + higy (07, q7) — [l (F (115)af))
> 0.

By the capacity constraint, the above implies that

dg™

daTP<O.

Similarly, we can show that under the same conditions

M OR
dg™ s _
d@M OR
oOgM
and
M OR
da’ _
dor OR_ ’
g™

Letting A(0M,07) = ¢¥(0M,07) — ¢M(6M, 0F):

8q*P aq*M
Al M pPy _ _
A= i ~ aemy

and

*P * M
8 (0¥,07) = S~ 2

20" oy <V
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Appendix 2:
Consider the effect of a marginal increase in the capacity constraint (Q(a)) on the optimal
provision of care to the private patient k& (while dropping subscripts for compactness) while

holding all other elements constant including the private fee (or equivalently, market power

):
AR
d¢” 5w
dQ(«) g
Given that:
OR —
it :hl/ QM P
g’  H6M.Q) ~ ")
Q) —H(0",Qla) — q7) — Wy(67,q7) + [ (Fly s (15)al)

Under the conditions set out in Appendix 1,

dP
0< _q < 1.

dQ(a)

which in turn implies that:

M

dQ(a)

Further notice that:

45



if
~hip(0M, Q) — ") < —hip(07,4") + fp (Ff ()i (50)

which will hold for certain if hf, (0, Q(a) — ¢) = h4, (07, ¢") given the assumption that

f” ( ]ks(ﬂ])qk) > 0.

This above also implies that:

Appendix 3:

Consider a geographic location s with Js physicians. Further assume that each physician
j’s capacity constraint and market power parameters are drawn from a known region-s specific
distribution I'(«v, 5 ws), where wy is drawn from known distribution K (w;s). Finally, assume
that each physician treats two patients (one private and one Medicare) with illness severities
6 and 6™ which are common across all physicians irrespective of region s (and thus do not
drive the across-region variances).

Although each physician (within the same region s) faces the same medicare fee FM | they
face (i) different private fees (F(u;)), (ii) different cost controls (f(F},. ,(1;)qf)), and (ii)
different capacity constraints Q(aj). Thus, each physician j’s utility maximizing supply of
care to the Medicare patient and the private patient (again within the same region s) are given

by: ¢ = QFM, FF,,07,0M; aj, ;) and ¢ = Q(FM Ff, 07, 0M; aj, 1), respectively.

7,87 7,87

Thus, for a given pair of illness severities, the distribution I'(«, p;ws) yields a unique
region-s specific distribution of private fees, capacity constraints, as well as private and

Medicare quantities with corresponding region-s specific (i) mean private fee (rf’), (i) mean
private (IF') and Medicare (IM) utilization, and (iii) mean private (e!’) and Medicare (e)
spending. Similarly, for the same pair of illness severities, the distribution I'(«, p; wy ) (with

Jg physicians) yields its own unique region s’ distribution of fees as well as private and

lM P

Medicare quantities with corresponding rZ, 7 and el

s’
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Considering the entire set of S regions, (i) across-region mean Medicare and Private

S M S P
utilization are given by E(IM) = Z=T1l and E(I7) = ZS=T11, (i) aross-region mean private
S P
fees in given by: E(rl’) = ES:T”S, (iii) across-region mean Medicare and Private spending

S M S P
My = ESZS% “ and E(el) = 23:_5163 (all of which are expectations taken over

are given by E(e
the region-specific means). We denote: (i) the across-region variance of mean Medicare and

private utilization as Var(iM) and Var(1¥), (i) the across-region variance of mean private

P

5 ), and (iii) the across-region variance of mean Medicare and private spending

fees as Var(r
as Var(eM) and Var(el).

Appendix 4:

Because Medicare fees are held constant across regions, the only endogenous source of
across-region variation in mean Medicare spending is variation in across-region mean uti-
lization. That is, Var(eM)=Var(FMIM)=(FM)2Var(1}). Thus, by construction, across
region variation in mean Medicare spending must come from the across region variation in
mean Medicare utilization i.e., Var(I). The sources of this across region variation in mean
Medicare utilization are described explicitly in the Proposition SF1.

With respect to the private market, across-region variation in mean spending can theoret-
ically be driven by both across-region variations in mean private fees as well as across region
variation in mean utilization where Var(el’) = Var(rfil’). The across region variation in

7)

mean spending Var(ef’) will be driven by across-region variations in private fees Var(r!

and not across-region variation in mean utilization Var(I) if there is considerable across
region variation in the mean physician bargaining leverage (fz) which (i) leads to important
across-region variations in the mean private fees (i.e., F'() > 0), but (ii) also has little
impact on private volume due to either very strong cost controls limiting physicians’ ability
to respond to higher private fees with greater volume, or, there exists a sufficiently negative
across-region correlation between o and p such that the positive price effect is counteracted
by the negative capacity constraint effect.

To see this, consider the extreme case where the across-region variance is driven entirely
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by the across-region variance in private fees or Var(el) = Var(rf'1¥) = (I")?Var(rf) and
where Var(rf’) is driven by across-region variation in mean bargaining 7 leverage.

Assume that mean capacity constraints are held constant across regions. For simplicity,
also consider that each region is populated by one physician (a representative mean physician)
and thus ¢ and [, as well as, F' and r, are interchangeable. A higher private mean fee FF

will not translate into higher or lower mean utilization across regions if:

OR
do. _ _arr (51)
arp A
5 q

where:

OR
_— //P FP P
aFSP(M) +fq ,Fs< s qs)

and where,

R —
By substitution:
dq” B -1+ f}ig,qg(Ffo) -
dES(n) =R, (0M, Q,(a) — qF) — M (07, ¢0) + [l (FLal)

if ;’p’ rp=1. That is, the price effect is completely countered by the cost control effect.

If, however, mean capacity constraints (i.e., mean «) are negatively correlated with mean
fees (i.e., mean p) across regions, then across region utilization will not vary if the capacity
effect exactly cancels out the price effect. That is, CleL(P#) + %(};) = 0 for a positive change in
p and corresponding negative change in « given by I'(a, p; ws) and K (w).

Appendix 6:

Holding everything else constant (including market power and, consequently, private fees),

the supply of Medicare and private quantities is increasing in the physician’s capacity con-
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straint Q(a) which is itself increasing in the physician’s productivity (a) (see Appendix 2).

M

s 17s

Thus, corr( ) > 0. If, however, an increase in capacity constraint is associated with a

decrease in private private (i.e., if u and « are negatively correlated across regions).

Appendix 7: For Proposition SF5 to hold in light of Proposition SF4, 0 < corr(eM, el’) <

s

M 1Py

s 178 /*

corr(

First consider,

M P cov(eé‘/[, 65)
= % %) 52
corr(ey ey ) sd(eM)sd(eP) (52)
or
M P COU(TM@W;TEZE)
— 53
corr(ess ) = Sairh ) sd(rFIF) (53)
Next consider,
M P
lM ZP — COU(svs ] 54
COTT(S Y s) Sd(lé\/[)s (lf) ( )
Now, SF5 will hold if:
cov(rMIM rPIP) _ cov(IM 17) (55)
sd(rMIM)sd(rPIP) — sd(1M)sd(1F)
or
BT — BV EGET) BN — B2 BT )
rMsd(IM)sd(rPIl) sd(IM)sd (1)
or
B(RTIE) — BUE(EE) _ BQMIT) - BOY)EQ) -

sd([3)sd(r17) sd(I31)sd(l)

as ™ is constant across regions.
Notice that the denominator of LHS is greater than the denominator of the RHS if
sd(rf’17) > sd(17'). But we know this to be the case as the variation in private spending is

driven primarily by across-region variations in mean prices rather than mean quantities (as

spelled out in SF2).
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Thus, a sufficient condition for SF5 to hold is that:

E( 1) — BN E(r, 1) < BQ) = E(DE(L) (58)
or, equivalently,
cov(IM rPIP) < cov(IM11) (59)

But we know this to be the case as T and (M are negatively correlated. That is, although
quantities will be correlated positively across regions as they are both positively correlated
with the region-specific capacity constraint, higher private fees are nonetheless negatively
correlated with public provision/consumption.

Appendix 8:

Consider an increase in the Medicare reimbursement rate F™. Such an increase will
potentially have two distinct effects on the provision of care to the private patient k. First,
as is shown in Proposition SF3 and its corresponding proof in Appendix 5, ceteris paribus,
an increase in the Medicare fee leads to an increase in the provision of care to the Medicare
patient and a corresponding crowding out of private quantities. Second, an increase in the
Medicare fee leads to an increase in the physician’s disagreement utility U?.

Consider the first effect on the insurance provider’s agreement utility. Let VkA’FM =
V(R(OF, qiF), FjP ¢;F) be the insurer’s equilibrium agreement utility under the initial Medicare
fee FM. Furthermore, let VkA’F/M = V(h(0F, "), Frf ¢,*") be the insurer’s new agreement
utility under new F™ - where ¢;” > q;g*P . Notice that this decrease in the provision of
medical care to the private patient k (due to the crowd-out) leads to a decrease in the
insurance provider’s utility through the patient’s health but also an increase in the insurance
provider’s utility /profit due to the corresponding cost savings. However, given the move
away from the equilibrium where the marginal cost of care was equal to its marginal benefit

(from the insurance provider’s perspective), the insurance provider’s utility /profit is reduced
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(i.e., to VkA’F/M < VkA’FM). In order to compensate for such a decrease in utility/profits,
the insurance provider can respond with a corresponding increase in the private fee (F' P ) as
long as the marginal benefit of doing so is greater than its marginal cost. This response was
mapped out in the reimbursement-setting process discussed above.

With respect to the second effect, the increase in the Medicare reimbursement increases
the minimum private fee required to keep the physician from dropping its current patient

> FP

min,j "

k, where F.F

in. Thus, it is possible that the current private fee Fjp is too low
to maintain their patient k£ on the physician’s client list. Thus, as long as the insurance
provider’s utility /profits are greater under a newly optimal private fee than the disagreement

utility /profit (which we normalize at zero), then the insurance provider will want to up its

private fee offer.
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